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Introduction
In a number of developing countries, girls have significantly worse education, health and nutrition outcomes than boys. One possible explanation of this discrepancy in child outcomes is gender discrimination in the intra-household allocation of resources: Parents may spend more on boys than on girls, both in monetary terms and in the time allocated to each child. Empirical as well as anecdotal evidence suggests that gender bias is considerable in some developing countries: Parents in India may wait longer before going to the hospital with their baby girl than they do with their baby boy, for example, leading to differences in health outcomes 1 . Rose (2000) finds that women work less after the birth of a boy and thus spend more time with their children in households with at least one boy than in households with only girls. In consequence, studying the existence and extent of gender bias in intra-household allocation has potentially important policy implications in order to improve outcomes for girls.
Unfortunately, most studies of gender discrimination in inputs such as consumption, health or education expenditures are hampered by the general unavailability of data. While there is enough data to study outcomes such as school enrollment or mortality, expenditure data is usually only available at the household level, rather than for each individual child. This makes it harder to analyze gender bias within households. Because of these data limitations, researchers have often used the Engel curve approach, which allows the use of household level data to try to get at gender bias within households. In the Engel curve approach, the household budget share of the good in question is regressed on log per-capita total expenditure, log household size, the shares of various age-sex groups and other relevant household characteristics. If there is gender bias in intra-household allocation, then the coefficient on the share of male members of a certain age group should be significantly different from the coefficient on the share of female members of the same age group.
By now, the Engel curve has been used to analyze gender bias in the allocation of a number of goods and in a variety of different countries, but strong results have been rare even in places where anecdotal evidence and measures of outcome variables suggest widespread discrimination against girls. This has lead to the questioning of the Engel curve approach both in terms of the statistical method used as well as the substantive question of whether discrimination can be picked up from household expenditure data or is only detectable in 3 other outcomes such as mortality. In general, however, the gender bias puzzle remains as most suggested alternatives do not lead to very different results.
Contrary to the mainstream literature, my analysis of gender discrimination in this paper leads to strong results, suggesting severe and widespread gender discrimination in intrahousehold allocation at least for the older age groups. I look at education expenditures in India, using nationally representative survey data from 2005. Gender bias is very robust to different measures of education expenditures and the statistical method used at the all-India level where discrimination works through both the decision to spend money on a boy but not on a girl (the extensive margin) and the decision to spend less money on the girl than on the boy, conditional on spending positive amounts on both children (the intensive margin). At the state level, there is some heterogeneity in the importance of the two channels across states and across age groups, but most discrimination occurs at the intensive margin. Results are sensitive to the education expenditure measure used in a minority of states, and their number declines as the age of the children increases. Pro-male bias also increases with age and becomes almost universal at the intensive margin for 15-19 year olds. In general, girls experience gender discrimination in the allocation of education expenditures especially from age 10 onwards.
These results suggest that the Engel curve approach is not generally failing to deliver results but may be sensitive to the level of analysis (country versus state level) and the specific measure of expenditure on a good when the analysis proceeds at the sub-national level.
The analysis in the rest of the paper proceeds as follows: Section 2 provides some background about the related literature. Section 3 explains the empirical strategy and the used dataset. Section 4 presents the results. Section 5 concludes.
Background Discussion
Ideally, researchers want to measure gender discrimination at the individual level by comparing household expenditures on each child. Given that expenditure information is often only available as an aggregate figure at the household level, however, the Engel curve approach has been widely used. Extending the traditional Engel curve to include household characteristics and composition variables yields a variant of the Working equation 
4 where b is the budget share of the analyzed good, x is total expenditure, n is the household size, n k is the number of people in the household that belong to age-sex class k, z consists of other socio-economic variables of interest, and ε is the error term (Deaton 1997 ).
To get more information about the sharing rule that households use to allocate resources between its members without imposing structural assumptions on household behavior, the literature relies on the use of exclusive goods, for instance goods that are only consumed by adults in the household, as dependent variables. For these goods, we know that only certain household members consume them. In my analysis, I will make use of children goods by considering educational expenditures. In this case, household consumption is children's consumption. If we further assume that additional household members act as negative income effects for these goods, but that there are no substitution effects, an additional person in the household has the same effect on the consumption of these goods as a reduction in income. The age-sex classes in the equation above then tell us the effect an additional member of a certain sex and age has on the consumption of the exclusive good.
Theoretically, the use of adult and children goods should lead to equivalent conclusions about intra-household bias against specific household members. Empirically, however, children goods have the advantage that they are measuring expenditures on children more directly than adult goods like tobacco or alcohol. When using adult goods, the analysis picks up whether parents cut back more strongly on the consumption of these goods when they have a boy of a certain age group rather than a girl, rather than measuring directly whether household expenditures on goods only consumed by children go up more for the boy than for the girl. The assumption that additional household members act just as income shocks and do not cause substitution effects may therefore be more likely to hold for children goods than for the indirect measurement through adult goods, which could change for reasons completely unrelated to additional household expenditures on children.
Equation (1) This widespread empirical failure of the Engel curve approach has led to a questioning of the reliability of the method by Case and Deaton (2003) , but also to attempts to save the approach by trying to find the underlying reasons of this pattern. Various possibilities have been advanced: One potential cause is the functional form imposed by the OLS regression, so a number of papers have sought to relax this restriction. Bhalotra and Attfield (1998) , for instance, estimate semi-parametric Engel curves and test whether potential effects are washed out by too large age categories, but still find hardly any difference between the treatment of children. Gong et al. (2005) also use semi-parametric analysis for different goods and conclude that gender bias seems to occur more through higher mortality rates and lower school enrollment for girls than boys, rather than through the consumption of common goods.
Another potential reason is the unreliability of household survey data. Gibson and Rozelle (2004) argue that the strong bias they find using the Engel curve approach for adult goods in Papua New Guinea might be driven by the large budget shares of these goods compared to other datasets, and the fact that their dataset was specifically designed for this analysis.
A third suggested reason in the literature is that aggregation at the household level leads gender bias to disappear. Kingdon (2005) and Aslam and Kingdon (2008) focus on education expenditures and are able to compare individual level and household level data to test whether individual level bias washes out at the household level. They indeed find stronger evidence of gender discrimination at the individual level rather than at the household level.
Both papers also argue in favor of using a hurdle model that takes account of the censoring of the data, which is especially important in the education expenditure case where a significant number of households do not spend any money on education.
6 My approach in this paper is similar to Kingdon (2005) and Aslam and Kingdon (2008) insofar as I am also making use of education expenditure data and a hurdle model to take account of the censoring of the data. In contrast to these papers, however, I am able to look at the robustness of my results to changes in the measure of education expenditures by constructing two different variables, which show that especially in some states results are sensitive to the definition of education expenditures.
Data and Empirical Strategy
In this paper I use the India Human Development Survey (IHDS) from 2005, which is a nationally representative dataset, including 41,554 households from 1,503 villages and 971 urban neighborhood areas (Desai et al 2005) . It includes both individual and household level responses on various topics such as education, employment, health, fertility, and gender relations.
I limit the dataset to households with children aged 0 to 19, which leaves me with a final sample size of 32,263 households. In order to warrant the analysis of gender bias in education expenditures, which can be seen as inputs to achieve the output of school attainment, it makes sense to first ask whether we do see different levels of school attainment in the dataset. If there is no significant difference between the school performance of girls and boys, different expenditures by sex might actually be justifiable in order to achieve this result that we ultimately care about. If we find that girls have lower school attainment than boys, on the other hand, it then makes sense to analyze education expenditures, which might be the cause for the difference in output.
In the dataset, all children in the household between 8 and 11 were asked to do a test which checked children's performance in the areas of reading, writing and mathematics. For these variables, we can analyze whether there are significant differences between girls and boys. The results are reported in table 1. As we can see, there are strong gender differences in the test results in all three categories, with girls doing significantly worse than boys 3 .
This suggests that there seems to be some evidence for anti-girl discrimination in school attainment which warrants moving on to the question whether girls are also discriminated against in the intra-household allocation of education expenditures.
The IHDS collects expenditure data on education in a disaggregated way and for both the household as a whole as well as for each individual child. This allows me to create two 3 These results are consistent with evidence on gender differences in the Indian education system as summarized by Kingdon (2007 Commission's poverty line. About two thirds of households in the sample live in rural areas.
A natural starting point for the empirical analysis is using the Engel curve approach to detect gender bias in intra-household allocation of education expenditures as in the previous literature, especially because more flexible functional forms in general do not lead to very different results. I therefore estimate (1) from above, using the budget share of education expenditures as dependent variable. The age categories included in the regression are 0-4, 5-9, 10-14, 15-19, 20-55 and over 55. Females over 55 are taken as the reference group. As education expenditures are made for school going children, we expect the coefficients for both males and females of the age groups 5-9, 10-14 and 15-19 to be positive, which means that holding household size constant, increasing the share of household members from one of these three age categories will increase the budget share of education expenditures. These are our main estimates of interest, as we want to test whether household education expenditures increase significantly less for a girl than for a boy of the same age.
We should expect to find a negative coefficient for 0-4 year olds who are not yet attending school: Holding household size constant, an increase in the share of very young 8 children should decrease household expenditure on education. The coefficients on the shares of the adults in the regression equation will depend on whether an additional adult will spend more on education than a female over 55 years old. Household variables included in the regression are religion and caste dummies, state fixed effects, an indicator variable for rural households and the highest education level for a male and a female in the household. We also estimate equation (1) for 16 big Indian states separately.
As the above regression is estimated by using OLS, results are potentially biased if the regressors are not exogenous. This has sometimes been raised in the literature as a potential reason for the usual lack of empirical results with the Engel curve approach. Jensen (2002) for example argues that fertility behavior in response to son preference will be an important determinant of family size: If son preference is high, then parents may get more children than they otherwise would until they reach the desired number of sons. This will mean that on average girls will live in larger families than boys, which puts more strain on household resources. This may well mean that girls will tend to have worse outcomes than boys merely as a result of larger family size, rather than as a consequence of intra-household discrimination. A related cause of potential endogeneity of the household size would occur if parents choose the number of children based on their preferences for school expenditures, for example by having fewer children with higher education expenditures per child 4 .
As we are mainly interested in testing the equality of coefficients on the share of male and female household members of a certain age group, endogeneity will be particularly worrying if it affects the age-sex groups. Suppose for example that a preference for sons is positively correlated with education spending, which may for example be true for members of the usually relatively conservative middle classes. Then the error term, which includes son preference, will be positively correlated with the share of boys at any age, but also positively correlated with education expenditures, thereby leading to an upward bias of the coefficients for boys. Similarly, son preference will be negatively correlated with the share of daughters at any age, leading to a downward bias of the corresponding coefficients. As the test for gender discrimination involves testing the equality of the estimated coefficients for the same age group for boys and girls, the omitted variable bias will tend to overstate pro-male bias.
If we believe Jensen (2002) , however, it is not clear that this is necessarily the correct story to tell even in the presence of son preference. If parents continue to have children until they get the desired number of sons, then son preference may actually be positively correlated 9 with the share of girls, especially at older ages. As long as son preference is positively correlated with education expenditures, this would tend to bias the estimates on the share of girls of a particular age group upwards rather than downwards. Depending on the size of the bias relative to the upward bias of the male coefficients, this may either reduce the overstating of pro-male bias or may even lead to an understating of pro-male bias if the upward bias of the girl coefficients is large enough. This ambiguity of the bias of girl coefficients in the presence of son preference means that it is not clear whether our estimates of gender discrimination will tend to over-or understate true differentials in the treatment of girls and boys, even assuming that all households prefer sons over daughters. Furthermore, some households may not have a preference for the gender of their children or may even prefer girls.
Systematic misreporting of education expenditures is another important concern. As long as errors in education expenditures are uncorrelated with the gender composition of the children in the household, misreporting will not bias the estimated coefficients. Suppose, however, that households with girls will tend to overreport education expenditures in order to conceal that they are spending little on education for girls. In this case, the estimated coefficients will tend to understate true gender discrimination within the household.
One of the other big problems with using OLS to estimate the Engel curve is the fact that a significant number of households incur zero expenditure on education. Censoring is therefore an important concern, which will bias the OLS results. To account for the censoring of the data I will therefore follow Kingdon (2005) and use a hurdle model to analyse gender bias at the extensive and the intensive margin. The advantage of using a hurdle model is that, in contrast to the Tobit model, it does not assume that the same mechanism underlies the choice of whether to incur positive education expenditures or not, and the choice of how much to spend on education conditional on incurring positive spending. The hurdle model therefore proceeds in two steps (Wooldridge 2002) . First, the decision of whether to spend money on education or not is modelled by estimating a probit model, with an indicator variable for a positive budget share of education expenditures as the dependent variable. The second step is to model the decision of how much to spend on education, conditional on having decided to spend any money at all. I do so by estimating a conditional OLS regression using the observations with positive budget shares, assuming that the budget share of education follows a log-normal distribution for positive budget shares. As graphs 1 and 2 show in the appendix, this is not a terrible assumption for either measure of education expenditures.
Given this setup, calculating the marginal effects of both the probit and the conditional OLS part is straightforward. The marginal effect of interest in the conditional OLS part is the change in expected budget share of education expenditures for the positive observations of this budget share for a change in variable x, which is given by the following equation:
A consistent estimator for σ is the standard error of the conditional OLS regression. Overall, these results display interesting patterns at the state level. Gender bias in general seems to be much stronger at the internal margin than at the external margin, i.e. across most states parents do not choose to spend positive amounts on their sons but not on their daughters, but rather discriminate in the amount spent on their children. At every age group, the sign of the gender bias is robust to the use of different education expenditure measures for the majority of states, and the number of states that experience a change in the sign of the bias from one specification to the other declines with the age of the children.
Results
Together with increased action at the extensive margin and in the Engel curve approach for older ages, this seems to suggest that anti-girl discrimination is more pervasive the older the child. This is qualitatively the same conclusion that was reached at the aggregate all-India level.
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Conclusion
The empirical analysis in my paper has shown evidence of gender discrimination in In contrast to a number of previous papers, I find that gender bias in intra-household allocation is generally stronger and more widespread. Anti-girl discrimination seems to increase with age and becomes almost universal at the intensive margin for 15-19 year olds.
This finding is quite robust to the level of analysis (all-India versus state level) and the measure of education expenditure used. While I find strong results with the Engel curve approach at the all-India level, most effects at the state level are only visible when using the hurdle model, as most discrimination at the state level seems to work through the intensive margin channel: Parents often spend less on education-related goods and services for their daughters than for their sons, rather than spending positive amounts on sons and nothing on their daughters. Results in this paper also suggest that even for the same sample of households, gender discrimination may be sensitive to the definition of the expenditure of the good in question, especially if analysis proceeds at a relatively disaggregated level like the state level and for age groups where discrimination is not almost universal.
One reason for these strong results in comparison to previous papers may lie in the quality of the data. The dataset used here collected detailed expenditure data on educationrelated goods and services both at the household level and at the individual level, which may have increased the reliability of the data in comparison to other datasets which just ask for one lump-sum number of education expenditure in the previous year. Asking about school materials and other costs such as transportation and uniforms may have reminded household respondents of their expenditures on these items which are most likely infrequent purchases and therefore more prone to recollection error. Notes: * significant at 10%, ** significant at 5%, *** significant at 1% Reported are the means, with standard deviation in parenthesis; N is the number of observations All school performance tests were available in English, Hindi, or the official state languages.
The reading level was scored as follows: 0 (cannot read), 1 (letter), 2 (word), 3 (paragraph), 4 (story).
The writing level was scored as follows: 0 (cannot write), 1 (writes with two or fewer mistakes). The mathematics level was scored as follows: 0 (cannot), 1 (number), 2 (subtraction), 3 (division) Note: Standard deviations in parentheses; for dummy variables, percentages are reported The used poverty line here is the official poverty line by the Indian Planning Commission for 2005, which is based on 1970s calculations of income needed to achieve minimal calorie consumption and has been adjusted by price indices. It varies by state and urban/rural areas. .011*** Note: significance levels: * 10%, ** 5%, *** 1% .015*** .115*** .010*** .014*** .091*** .010*** Note: significance levels: * 10%, ** 5%, *** 1% 
